The prevalence of obesity and the metabolic syndrome (MS) is on the rise, and subsequently the hepatic manifestation of MS, nonalcoholic fatty liver disease (NAFLD), has become a common entity in clinical practice. Most patients with NAFLD face medical complications related to their underlying MS in other organ systems; however, a small but significant group of patients with the more aggressive form of fatty liver, nonalcoholic steatohepatitis (NASH), are at risk of developing cirrhosis and hepatocellular carcinoma. As patients are generally asymptomatic, often their disease goes unrecognized. This is particularly true for NASH, where liver biopsy is currently required to make the diagnosis. Once diagnosed, no one treatment has been shown to be universally efficacious and those that are of benefit are not without side effects. Effective treatment regimens directed at both decreasing insulin resistance as well as the processes leading to necroinflammation and hepatic fibrosis have been investigated and include lifestyle modification, surgical therapies, and pharmacotherapy. This review focuses on current and potential future therapies for NASH.
Zelman first described the existence of liver disease in very obese men in 1952. 1 Subsequently, in 1958 Westwater and Fainer confirmed the presence of abnormal liver function tests and liver morphology in obese patients, and also showed that these parameters improved with weight loss. 2 It was not until 1980, however, that the term nonalcoholic steatohepatitis (NASH) was coined by Ludwig and colleagues, who first described the pathological changes still used today. 3 Rapidly increasing in prevalence in the United States, as well as throughout Western Europe and parts of Asia, nonalcoholic fatty liver disease (NAFLD) is currently widely accepted as a spectrum ranging from isolated fatty liver to NASH. Although isolated fatty liver is thought to have a generally benign histopathological course, recent data suggest a link with increased risk of cardiovascular disease. [4] [5] [6] Furthermore, it appears that NASH may progress to cirrhosis at a rate of 10% over a 20-year period. 7 Given this data, therapies aimed at improving NAFLD are urgently needed. This review will focus on current and emerging therapies for this disease.
oxidation, and decreased export of hepatic triglycerides in the form of very low-density lipoprotein. 8 Progression to steatohepatitis was thought to require a ''second hit,'' involving oxidative stress which promoted lipid peroxidation and production of proinflammatory cytokines, leading to subsequent inflammation and fibrosis.
However, this concept of 2 distinct hits has been debated recently given our current understanding of the potentially deleterious effects of peripheral and hepatic insulin resistance. Clearly, the pathogenetic processes that lead to steatosis and/or steatohepatitis are multifactorial and influenced by both environmental and genetic factors. Although the specific pathways leading to inflammation and fibrosis are not clearly delineated, evidence supports a role for dysregulated lipid partitioning mediated by insulin resistance and concomitant altered cytokine profiles. 9 Oxidative stress is thought to be obligatory, and along with lysosomal cathepsin release, mitochondrial dysfunction, and endoplasmic reticulum stress, cellular apoptosis and further inflammation ensue and activation of hepatic stellate cells with collagen deposition within the hepatic sinusoids becomes apparent. Furthermore, the ability of the liver to repair and recover from injury appears variable and may impact the rate of progression as well as the severity of liver disease. 10 
THERAPEUTIC MODALITIES
Progress in developing potential therapies for NAFLD has been made in recent years and is founded on improvement in underlying peripheral and hepatic insulin resistance. Dietary change, exercise, weight loss, and pharmacotherapy may all improve insulin resistance and are thus targets for therapeutic trials (Fig. 1) . Additionally, agents that reduce oxidative stress and/or apoptosis or have cytoprotective properties have been evaluated, albeit typically in small uncontrolled trials. Furthermore, the treatment of specific underlying components of the metabolic syndrome (MS) such as hypertension, diabetes mellitus, or dyslipidemia has been suggested.
Lifestyle Modifications
In the United States and in select parts of the world, obesity and subsequent insulin resistance are reaching epidemic proportions with nearly 1.7 billion at risk for weight-related disease and an estimated overall prevalence of insulin resistance in the general population that is now thought to be around 45%. [11] [12] [13] [14] Reasons for this dramatic increase in obesity and insulin are multifactorial and include the increased consumption of high-fructose corn syrup (HFCS), processed carbohydrates, and saturated fatty acids along with decreased milk and monoand polyunsaturated fatty acid consumption. [15] [16] [17] Dietary intervention and exercise, though lacking appeal and often limited by patient compliance, remain firstline therapy for this disease. Diet-induced weight loss is associated with physiologic changes that result in improved insulin sensitivity, reduced adipose tissue inflammation and reduced hepatic free fatty acid NAFLD THERAPIES/KASHI ET AL supply. Surprisingly, appropriately powered, prospective, randomized controlled trials of dietary intervention and weight loss in patients with NASH are lacking, although it is believed that even a modest degree of gradual weight loss of 10% body weight will result in improvement of transaminases, hepatic steatosis, inflammation, and fibrosis. 9, [18] [19] [20] [21] Preliminary studies support this notion with two studies showing improved serum aminotransferases with weight loss although only one of these studies had histologic follow-up (albeit incomplete with 14 of 31 patients undergoing repeat liver biopsy). 19, 22 Larger trials with appropriate histologic follow-up are mandatory to confirm the general beneficial effects of this simple, yet difficult to implement, therapy of dietary and lifestyle modification.
Pharmacotherapy
As lifestyle changes are difficult to sustain long-term, other modalities such as pharmacotherapeutic or surgical approaches have been investigated in the treatment of NASH. Using the simplified 2-hit hypothesis, various targets for potential pharmacotherapy have been identified. These include therapies directed at improving insulin resistance, reducing oxidative stress, decreasing hepatic fibrosis, improving the underlying metabolic syndrome, or promoting weight loss. Surgical approaches also directed at weight loss have been investigated.
Metformin
Metformin, commonly used to treat diabetes mellitus, improves blood glucose levels by decreasing hepatic glucose production and increasing glucose utilization in peripheral skeletal muscle. 23 Metformin in the treatment of NAFLD has produced mixed and generally disappointing results. Lin et al studied a population of ob/ob C57BL-6 mice, who are genetically deficient in leptin. 24 As a result, of their lack of this appetite-suppressing gene, ob/ob mice are prone to insulin resistance, hyperinsulinemia, and fatty liver. Hepatic steatosis decreased, hepatomegaly was reduced, and aminotransferases were improved significantly in ob/ob mice treated with metformin.
Marchesini et al 25 treated 20 biopsy-proven NASH patients with metformin 500 mg 3 times per day for 4 months. Significant improvements were seen in insulin resistance and aminotransferase levels, with 50% of subjects normalizing their transaminases. Liver volume, as measured by ultrasound, decreased by 20%. Subsequently, Bugianesi et al 4 followed 110 nondiabetic patients with NAFLD over a 12-month period: 55 were treated with metformin 2000 mg daily, 28 with vitamin E, and 27 with a prescribed diet. Aminotransferases improved in association with weight loss in all groups with metformin-treated patients showing the most biochemical improvement in multivariate analysis. Posttreatment liver biopsy performed on 17 of the metformin-treated group showed statistically significant changes in liver fat, necroinflammation and fibrosis. Although this was promising, any positive findings were tempered by the incomplete histologic follow-up of patients.
A more recent Turkish study of 36 biopsy-proven NASH patients treated with metformin 850 mg twice per day plus a calorie-restricted diet versus diet alone for 6 months showed no significant differences in necroinflammatory activity or fibrosis between the two groups on repeat biopsy. 26 This was supported by an earlier study of 15 patients treated with metformin (20 mg/kg/ day in three divided doses) for 48 weeks, which despite initial improvement in serum aminotransferase levels, a return to pretreatment values after 3 months was observed. 27 Ten patients from this study population had a posttreatment biopsy with only minimal improvement in necroinflammation and fibrosis. Based on the currently available data, it seems reasonable to conclude that metformin is not an ideal monotherapy agent for the treatment of NASH. Prospective, randomized, controlled trials with metformin are needed to definitively assess the true efficacy of this drug for the treatment of NASH.
Thiazolidinediones
The thiazolidinediones (TZDs) are another class of diabetic medications that have been extensively studied in the treatment of NASH. These medications include pioglitazone and rosiglitazone, which act as peroxisomal proliferator activated receptor-g (PPAR-g) agonists leading to increased fatty acid oxidation and decreased fatty acid synthesis within hepatocytes. The resultant improved insulin sensitivity in both hepatocytes and skeletal muscle is one mechanism of action that may explain TZDs usefulness in NASH patient populations. 28, 29 Initial studies such as that by NeuschwanderTetri et al treated 22 patients with rosiglitazone for 48 weeks and showed both improvement in insulin sensitivity and hepatic histology. 29 Limitations of this early work include the lack of a control group and a return to baseline of serum aminotransferases 6 months after discontinuation of therapy.
Subsequent randomized placebo controlled studies have supported the beneficial effects of TZDs on insulin sensitivity, serum aminotransferases, and hepatic histology (Table 1) . Belfort et al demonstrated significant improvement in these parameters in patients treated with low-calorie diet plus pioglitazone versus low calorie diet plus placebo (n ¼ 55) for 6 months. 30 Hepatic fibrosis was not significantly improved in this trial, which was limited by its relatively short duration of therapy. Aithal et al followed 78 NASH patients treated with either placebo or pioglitazone for 48 weeks and abstract data demonstrated significant improvement in all parameters of hepatic histology. 31 Fibrosis was notably improved in the treatment group when compared with both the initial liver biopsy as well as the follow-up placebo liver biopsy.
Another recent study comparing 75 patients with NASH treated for 48 weeks with either metformin, rosiglitazone, or isolated dietary/exercise counseling provided support for the metabolic and histologic benefits to the TZDs. 32 Interestingly, the biochemical benefits seen with therapy persisted 6 months after discontinuation of insulin sensitizing medication, although this study can be criticized for inadequate follow-up histology, with 40% of patients refusing a second liver biopsy.
These promising results from several TZD treatment trials in NASH were called into question by the recently published FLIRT trial, which followed 63 patients with NASH treated for one year with either rosiglitazone or placebo. 33 Although the patients receiving rosiglitazone did show a statistically significant improvement in serum aminotransferases, insulin sensitivity, and hepatic steatosis, they did not show an improvement in other histologic parameters, notably the NAFLD Activity Score (NAS) score or overall fibrosis. Although these results are intriguing and certainly provide evidence for a subpopulation of NASH patients that do not appear to respond to therapy with the TZDs, this study is limited by the markedly low NAS score at baseline (4), which leaves little room for improvement and suggests borderline NASH initially. Certainly further study would be beneficial to better elucidate if TZD therapy is both effective and sustainable.
The side effects profile of the TZDs also requires further mention as it may substantially limit the widespread use of these medications (at least as monotherapy). Weight gain has been universally noted, usually on the order of 2 to 5 kg, and this increase does not always return to baseline on medication discontinuation. In addition, lower extremity edema is seen in up to 5% of patients chronically taking a TZD. These medications are contraindicated in congestive heart failure and the recent controversy over a possible increase in adverse cardiac events in diabetic men chronically taking rosiglitazone (Avandia 1 , GlaxoSmithKline, Mississauga, Ontario, Canada) (seen in a retrospective meta-analysis) has prompted ongoing prospective studies, which will hopefully definitely resolve this troublesome issue. 34 One final side effect that should be considered is an apparent increase in osteoporosis seen in long-term therapy with the TZDs in postmenopausal women. 35 Although not an absolute contraindication to therapy in most patients, it warrants consideration and discussion ALT, alanine aminotransferase; AST, aspartate aminotransferase; NAS, NAFLD activity score.
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with patients prior to chronic use of this class of medications. The TZDs are likely the most studied class of insulin sensitizing medications in the treatment of NASH and have certainly shown the most promise. Although clearly not a treatment panacea, they represent an option for patients as an initial step along with diet and exercise to improve insulin sensitivity, and hopefully hepatic histology.
Incretin Analogs
Another newer class of medications, glucagon-like protein-1-receptor agonists, that has been shown to be a useful adjunct in the treatment of diabetes mellitus may also be beneficial in the treatment of NASH. This class of medications acts as an incretin analog in the body and promotes insulin secretion while suppressing inappropriate glucagon secretion, slowing gastric emptying, and increasing satiety. Although these mechanisms work to promote modest weight loss, nausea is a common side effect that can limit the dosing of this injectable medication. 36 Preliminary studies in animal models with fatty liver and case reports in humans have shown promising results with improved serum aminotransferases and decreased hepatic steatosis, but further study with well-designed human trials is required.
37-39
Statins The significant role that 3-hydroxy-3-methylglutarylcoenzyme A (HMG CoA) reductase inhibitors, also known as statins, have played in decreasing mortality among patients with diabetes mellitus and cardiovascular disease is irrefutable. 40 Their role in patients with abnormal liver function tests and/or chronic liver disease has been less clear. First, there has been much concern for worsening hepatic function and or enzymes with statin use. Hepatic injuries associated with statins include (1) asymptomatic elevations in aminotransferases (common), (2) clinically significant acute liver injury (very rare), (3) fulminant hepatic failure (profoundly rare). 41 No association has been found, clinically or histologically, between asymptomatic elevations in aminotransferases, without concurrent rise in bilirubin, and acute or chronic hepatic injury. 42 In the majority of cases, these elevations do not progress and sometimes return to baseline, despite continued statin use. 43 Clinically significant liver injury usually occurs when statins are used in conjunction with other medications, including ezetimibe. 41, 42, 44 When considering the use of statins in NAFLD patients, it is important to note that there are normal fluctuations in aminotransferase levels in patients with and without chronic liver disease 40, 42 In a recent multicenter, randomized, double-blind study, 326 subjects with hyperlipidemia and well-compensated chronic liver disease, including NAFLD and chronic hepatitis C, were treated with high-dose pravastatin or placebo for 36 weeks. No statistically significant changes in serum ALT levels were observed in patients treated with pravastatin or placebo. 43 In addition, studies have shown that patients with elevated liver enzymes at baseline due to NAFLD are not at increased risk of hepatotoxicity when compared with patients with normal liver enzymes at baseline. 42, 45 Although clearly statins appear safe for the treatment of hyperlipidemia in NAFLD patients, the issue of whether or not they are efficacious in the treatment of NASH is more uncertain. A pilot study compared before and after liver biopsy results in 4 NASH patients treated with Pravastatin for 6 months. 46 Three patients had improvement in grade of inflammation, while one had improvement in degree of steatosis.
In a recent Swedish study, 68 patients with NAFLD who had not previously been on statins were rebiopsied 10 to 16 years after baseline biopsy. 40 This study showed that despite initial higher Body Mass Indexes and rates of diabetes, those patients receiving statins had a significant reduction in hepatic steatosis when compared with those who did not, with an overall low rate of fibrosis progression. These early studies suggest some benefit to statin therapy in this patient population, although larger placebo controlled studies are needed to substantiate these results.
Cytoprotective Medications and Antioxidants
Although medications directed at decreasing insulin resistance and improving metabolic parameters seem the most suited to therapy of NASH, medications that are classified as hepatoprotective agents or antioxidants have also been studied. These medications are thought to reduce oxidative stress and decrease hepatic inflammation, and if shown to be of benefit in NASH, would be easy to use in clinical practice.
Derived from mammals, ursodeoxycholic acid (UDCA) is a naturally occurring bile acid, with an excellent safety profile, that is used in various liver diseases to include primary biliary cirrhosis and primary sclerosing cholangitis. Shown to have hepatoprotective properties, including membrane-stabilizing and cytoprotective effects, UDCA may improve not only hepatic biochemistry, but also hepatic histology in patients with cholestatic liver disease. [47] [48] [49] In an early pilot study comparing UDCA to clofibrate in biopsy-proven NASH patients, the UDCA group showed a significant improvement in serum alanine aminotransferase (ALT) levels and histological grade of steatosis compared with clofibrate-treated patients. 49 Similarly, 8 of 12 patients with biopsy-proven NASH treated with UDCA for 6 months normalized their aminotransferases, although no histologic follow-up was obtained. 50 These promising initial results were not substantiated by a large multicenter trial with 107 NASH patients treated with UDCA or placebo for 2 years. 47 Although there was a significant histological improvement in the posttreatment biopsies of the UDCA group, comparable findings were present in the placebo group, with overall 40% reduction in steatosis and 21% reduction in fibrosis. This study highlights the need for large placebo controlled studies to confirm that improvement in histopathology extend beyond the normal natural history of NASH where a sizable proportion of patients show spontaneous histologic improvement.
Although this has dampened enthusiasm for UDCA as monotherapy, there may be a role for UDCA in combination with other treatments. One case report of a patient with psoriasis, diabetes, and NASH showed treatment with UDCA and pioglitazone improved serum transaminases as well as hepatic steatosis and fibrosis on repeat liver biopsy. 48 The role of UDCA as an adjunctive type of therapy remains to be further evaluated.
Antioxidants intuitively are intriguing has a potential therapy. Pathophysiologically, oxidative stress appears to be a part of mitochondrial and endoplasmic reticulum stress. As such vitamin E has been evaluated as a possible treatment for NASH. Two relatively small studies have evaluated vitamin E in children with obesity-related serum aminotransferase elevation (NAFLD) and echogenic liver on ultrasonography and found conflicting results. 51, 52 Lavine et al 52 found that daily vitamin E for a mean of 5.2 months normalized serum aminotransferase and alkaline phosphatase levels. On the other hand, Vajro et al showed no difference in posttreatment transaminases or echogenicity on ultrasound when comparing patients treated with diet plus vitamins E versus diet plus placebo for 5 months. 51 In the adult population, 16 biopsy-proven NASH patients were treated with lifestyle modification (diet and exercise) with or without vitamin E for a period of 12 weeks. 53 Vitamin E supplementation provided no statistically significant improvement in serum aminotransferase levels. A larger randomized, placebo-controlled study of 45 NASH patients added vitamin C to vitamin E in an effort to improve antioxidant effects. 54 Although serum aminotransferases and necroinflammation were not improved after 6 months of therapy, repeat biopsies did reveal significant improvement in fibrosis scores between the two groups. This study suggests there may be a role for vitamin E therapy in the future, but certainly further multicenter randomized controlled trials would be of benefit.
Betaine is another medication which increases levels of S-adenosyl-L-methionine (SAM), a known essential player in cellular membrane integrity and hepatoprotection, and has been investigated in the treatment of NASH. [55] [56] [57] In an animal model of alcoholic liver disease, subjects given betaine-enriched diets had a 4-fold increase in SAM levels and were protected against the expected fatty infiltration that usually results from ethanol ingestion. 55 One year of treatment with betaine in 10 NASH patients significantly improved serum transaminases as well as hepatic steatosis, inflammation, and fibrosis. 56 As it was generally safe and well tolerated, betaine warrants further investigation with larger placebo controlled trials in the treatment of NAFLD and NASH.
Overall, antioxidant therapy has been disappointing as a potential therapeutic target. One potential explanation is that current antioxidant therapies are unable to effectively penetrate the inner mitochondrial membrane and impact reactive oxygen species development. Formulations that increase delivery of antioxidant intracellularly may improve their usefulness in clinical practice.
Weight Loss Promotion
Although medications to improve insulin sensitivity, reduce oxidative stress, and decrease fibrosis all show some promise in the treatment of NASH, ultimately sustained weight loss may produce the best results as it improves all these parameters. In addition to the lifestyle modifications previously mentioned, there are several medications as well as surgical interventions that have been evaluated as potential treatments.
Orlistat
Orlistat has been the most studied weight loss medication as a potential treatment for NASH. This medication inhibits gastric and pancreatic lipase, which is needed to break down triglycerides into free fatty acids and has been shown to prevent 30% of dietary triglycerides from being absorbed. Pilot studies with orlistat given for 6 months along with dietary counseling showed promising improvement in serum aminotransferases as well as hepatic steatosis and inflammation. 58 Two subsequent randomized placebo controlled trials treated patients for between 6 to 9 months with significant improvement in hepatic steatosis seen in both orlistat groups. 59, 60 However, further benefits in hepatic histology (via improvement in necroinflammation) or serum aminotransferases were only seen in those patients who sustained 9% weight reduction, regardless of whether receiving placebo or orlistat. Patients in both trials lost an average of 6 to 8% of their body weight; however, it is important to note that there was not a significant difference in weight loss between placebo and orlistat groups. Therefore, it would appear that orlistat is effective treatment for NASH only in the setting of RYGBP (41) LSG (23) LAGB (6) 49 (9) 56 (11) significant weight loss, and as an only modestly successful weight loss agent, it falls shorts as a treatment panacea for NASH.
Rimonabant
The endocannabinoid (EC) system is involved in the regulation of food intake and body weight. In the setting of obesity, the EC system appears to be upregulated and as such, represents a novel target for medical therapy of NASH. The EC system encompasses a network of receptors and their ligands as well as the enzymes that synthesize and degrade these ligands. 11 The cannabinoid type I (CB1) receptors are found throughout the body and their activation leads to increased hepatic lipogenesis, fatty acid synthesis in adipocytes, and decreased adiponectin.
Rimonabant is a selective CB1 receptor antagonist that has been shown to decrease hepatic lipogenesis and increase satiety, adiponectin levels, and glucose uptake, thereby improving insulin levels and lipid profiles. 61, 62 This agent was initially developed as a weight loss medication and has been well studied in two large randomized placebo controlled multicenter trials. The Rimonabant in Overweight/Obesity (RIO) trial based in Europe (RIO-Europe) and North America (Rio-North America) trial followed 1507 and 3040 patients, respectively, for 2 years, with an average weight loss of 6 kg in patients receiving rimonabant versus 1 to 2 kg in the placebo groups. 63, 64 The metabolic improvement of the patients receiving rimonabant was notable, with significant improvements in lipids profiles to include decreased low-density lipids and triglycerides, and improved insulin sensitivity with the resolution of metabolic syndrome in one-third of patients. Two other large studies compared rimonabant to placebo in patients with hyperlipidemia (RIO-Lipids) 65 and diabetes (RIODiabetes) 66 with a 3 to 6 kg weight loss after 1 year of therapy, but perhaps more notably, significant improvements in lipid profiles, glycosylated hemoglobin (HgA1C), adiponectin, and C-reactive protein were seen. These metabolic benefits appear to exceed what could be attributed directly to the weight loss and do suggest direct effects of this medication, which may have application in the treatment of NASH.
Preliminary animal studies along with isolated case reports do suggest a benefit with rimonabant therapy in the setting of NASH. 61 Two large multicenter, randomized, placebo controlled trials (one in diabetic patients and one in nondiabetic patients) are currently underway to better assess any role this medication may have in the medical therapy of NASH. One potential side effect that requires further evaluation is an association with psychiatric problems to include depression with rimonabant. This has been predominantly in patients with a history of significant psychiatric illness and appropriate screening algorithms are being developed that will hopefully limit this otherwise promising drug's use in high-risk patient populations.
Surgical Interventions
Due to the overwhelming burden of obesity and its inherent metabolic consequences, as well as the difficulty in achieving weight loss via lifestyle modification, the number and quality of bariatric surgery procedures performed has risen dramatically. Enthusiasm for bariatric surgery as a potential treatment for NAFLD was initially dampened due to evidence that NAFLD worsened in the setting of jejunoileal bypass surgery. A subsequent study by Kral et al 67 using biliopancreatic diversion showed improvement in steatosis, but variable change in fibrosis with some patients showing fibrosis progression and others with fibrosis regression. These initial disappointing results changed with the evolution of bariatric surgery beginning in 2004 to include the Roux-en-Y gastric bypass operation and laparoscopic adjustable band gastroplasty. Numerous studies using these techniques have demonstrated significant improvement in steatosis, hepatocellular injury, and fibrosis (Table 2) . [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] In fact, complete resolution of NASH in as many as 75 to 100% of cases has been described in some series. 68, 69, [72] [73] [74] [75] [76] [77] However, not all results are so positive, and collective evidence suggests that a small minority of bariatric surgery patients may develop either worsening steatohepatitis 82 or mild fibrosis. 69 The impact of bariatric surgery across the entire spectrum of NAFLD is further reviewed elsewhere in this issue of Seminars. 83 Long-term studies assessing the natural history of this fibrosis development are needed and at the present time, the clinical significance of this minor fibrosis development is uncertain. However, there is clear evidence for significant improvement overall with respect to NASH and careful thought should be given to consideration of bariatric surgery in the morbidly obese patient whose cumulative health problems would warrant this invasive procedure.
CONCLUSION
The global epidemic of obesity as a result of sedentary lifestyles, increased processed carbohydrates and HFCS intake has led to a dramatic increase in the prevalence of the generally asymptomatic NAFLD. In the subset of these patients with NASH, accumulation of fat in hepatocytes with subsequent oxidative stress and inflammation can lead to fibrosis, which may ultimately progress to cirrhosis or promote the development of HCC. Treatment strategies ranging from simple lifestyle modifications to pharmacologic agents and even invasive surgical procedures have been investigated as potential treatments for this chronic liver disease. These regimens target different steps in an intertwined and interdependent pathway that is far more complicated than the 2 hit hypothesis (Fig. 1) would suggest. These modalities have shown varying degrees of promise and are not without side effects, cost, or risks. At the present time, it is regrettable there is no one ideal therapy suitable for all patients. Future trials are required that may combine therapies in an effort to maximize histologic benefit, while minimizing side effect profile. For the multitude of patients currently affected with this chronic liver disease, clinical trials or a multidisciplinary approach optimizing metabolic status appear to provide the best available alternatives.
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